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Abstract

SARimage data from a variety of spaceborncand
airborne sensors will be much more commonplacein
the early 21st cent ury. Why will SAR data be used in
some applications and what will it be used for? Part
of the answer lies in SAR's ability to provide high-
resolution imagery, independent of cloud cover or
sun illumination, and in the sensitivity of 1 adar
measurementsto certain physical characteristics of
the area being imaged, such as surface roughness,
structure, didlectric constant and, to some extent,
motion. Another part of the answer is provided by
the high-resolution topography and topographic
change maps which can be generated using the
technique of SAR inferferometry.

1. Introduction

Synthetic Aperture Radar (SAR) has progressed from
it's development in the. 1950's as a technique for
improving the resolution of military reconnaissance
radars to the present day, when it is rapidly maturing, as
aremote sensing tool for many civilian applications.
Many countries now have their own aitborne SAR
systems and so far, in the first half of the 1990s, SAR
data has been available to scientists and applications
users from three spaceborne missions; ERS-1, JERS- 1
and SIR-C/X-SAR. With the. recent launch of ERS-2
and the projected launch of Radarsat later this year,
even more SAR data willbe available. in the. near future..
Looking forward just a fcw years to the 2.1st century,
space agencies from several countries or groups of
nations have plans to launch further SAR sensors into
orbit, including Russia, Japan, Canada, India, the
European Space Agency and NASA.

The results of ERS, JERS-1 and SIR-C/X-SAR have
confirmed the importance of multi-angle, multi-
frequency, multi-polarization, and multi-temporal SAR
observat ions for Earth Science research and opei ational
applications, Evans et a [1). In addition, rada:
interferometry has been shown to hold the potential for
making major advances in our understanding of Earth
processes in several discipline.s. Interferometric
measurement capabilities arc required to gencrate
global topographic maps, to monitor surface
topographic change, and to monitor glacier ice. velocity
and occan currents. Frequency and polarization
diversity arc

crucial for accurate. land cover classification in tropical
and Arctic regions, micasuring above-ground woody
plant biomass, delineation of wetland inundation,
measurement Of snow and soil moisture,
characterization of oil dicks, arid monitoring of scaicc
thickness 3'here. is also a demonstrated need for
variable swath widths (e.g. 50 to SO0 km) and
resolutions (5 to SO m), with the ability to collect
coarser resolution data with repeat cycles ranging from
3 to 2.5 days. If a single sensor is to satisfy multiple
objectives, a variable incidence angle is aso required to
improve coverage and satisfy disparate viewing
requirements. There isademand from operational and
commercial users for data products that are ortho-
rectified, with con ections for terrain height and slope
aready applied. This makes the data much easier to
incorporateintoexisting G1 S systems and allows for
straightforward fusion of SAR data with data from other
sensors and from ground - base.d sources. Interferometric
SAR data can mcet this requirement for routine,
automated oriho-rectification,

2.Multi-Frequency and Polarimetric SAR

SARS arc active sensors, which means that they provide
the.ir own illumination. 1 ‘or most SARS this involves the
1epeated transmission of a high-power (typically a few
kilowatts) pulse, sideways and towards the Earth's
surface, as shown iuFigure 1. The wavelength and

Figure 1. Transmission of a radar pulse towards the
Liarth's surf ace.



polartzation of the tansnuatied pulse are often fined, ¢.g.
ERS-TTERS 1T and Radarsat SARS Inthe case of SIR-
C/X-SAR, the wavelength ot the vansmutted pulse
could be selected trom a choree of thiee (3 ¢m, 6 ¢m
and 24 cm) and. tor two ol those wavelengths the
tansmitted pulse could be chosencas horrzontally (H) or
vertically (V) polanzed. SIR-C/N-SAR was configured
o transmit pulses at all three frequencies at the same
time, alternating between Hoand NV polanzanon at the 6
cmand 24 ¢cmowavelengths
Encrgy transmitted by a SAR sensor is scattered

during its mteractuon with the Barth's surface (see
Figure 2) Some of the energy s scattered back towards
the radar. 1t as this backscater encergy which is
represented ina SAR mimage. The SAR sensor will be
tuncd to look at the backscatter at the same wavelength
as the transmitted pulse. The polanzation of the
scattered energy may also be aliered by the scatlering
process. The SAR sensor may be configured to receive
the same polarization as that transmited ot 1o receive a
polarization orthogonal to that ransmitted. In the case
of SIR-C/X-SAR, both H and V polarizations were
reccived at 6 cm oand 24 cm o wavelengths, If a radas
transmits and receives both H and V polanizations it is
said to be a polarimetric radar

TN A

Figure 2. Radar scattering off the Earth's surface

In the L-band e the wooded lls i the top right-
hand corner and at lower Tett appear brighter than the
agricultural valleys m bertween, Inothe N-band image
there 1s very httle contrast between the nlis and
agricultural arcas: this s because the X-band radar 'sees”
only the top of the vegetation canopy
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